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(54) Title: A GOLF CLUB HEAD HAVING A STRIKING FACE WITH IMPROVED IMPACT EFFICIENCY 




(57) Abstract: The present 
invention is a compliant golf club 
head (10) that permits a more 
efficient impact between a golf 
ball and the golf club head (10). 
Material and geometry constraints 
of a striking plate (12) of the golf 
club head (10) reduce energy losses 
caused by large strain and strain 
rate values of the golf ball during 
impact. These constraints on the 
striking plate (12) yield a measure 
of the impact efficiency of the 
golf club head (10). The present 
invention designates a required 
natural frequency range of the 
striking plate (12) which provides 
improved impact efficiency 
between the golf ball and the golf 
club head (10) during impact. 
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Title 

A GOLF CLUB HEAD HAVING A STRIKING FACE 
WITH IMPROVED IMPACT EFFICIENCY 

5 

Technical Field 

The present invention relates to a golf club head. More specifically, the present 
10 invention relates to a face section of a golf club head to reduce energy losses when 
impacting a golf ball. 

Background Art 

Technical innovation in the material, construction and performance of golf clubs 
has resulted in a variety of new products. The advent of metals as a structural material 

1 5 has largely replaced natural wood for wood-type golf club heads, and is but one 

example of this technical innovation resulting in a major change in the golf industry. In 
conjunction with such major changes are smaller scale refinements to likewise achieve 
dramatic results in golf club performance. For example, the metals comprising the 
structural elements of a golf club head have distinct requirements according to location 

20 in the golf club head. A sole or bottom section of the golf club head should be capable 
of withstanding high fictional forces for contacting the ground. A crown or top section 
should be lightweight to maintain a low center of gravity. A front or face of the golf 
club head should exhibit high strength and durability to withstand repeated impact with 
a golf ball. While various metals and composites are known for use in the face, several 

25 problems arise from the use of existing materials. 
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Existing golf club face materials such as stainless steel exhibit desired high 
strength and durability but incur large energy losses during impact with the golf ball as 
a result of large ball deformations. An improvement in impact energy conservation, in 
conjunction with proper golf ball launch parameters, is a design goal for golf club 
5 manufacturers. The problem still exists of identifying a combination of material 
properties exhibiting improvements in conservation of impact energy during impact 
wi th the golf bail 

Disclosure of the Invention 

10 When a golf club head strikes a golf ball, large impact forces are produced that 

load a face section, also called a striking plate, of the golf club head. Most of the 
energy is transferred from the golf club head to the golf ball; however, some energy is 
lost as a result of the impact. The present invention comprises a golf club striking plate 
material and geometry having a unique combination of material properties for improved 

1 5 energy efficiency during impact with the golf ball. 

The golf ball is typically a core-shell arrangement composed of polymer cover 
materials, such as ionomers, surrounding a rubber-like core. The golf ball materials 
have stiffness properties defined as the storage and loss moduli for compression (E^, 
F'wd storage and loss moduli for shear (G\^ {9 Cr'baii) & at are strain (or load), strain 

20 rate (or time rate of loading), input frequency, and temperature dependent The 
compression loss factor (%) and shear loss factor (Tfa) (damping or energy loss 
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mechanisms), which are defined as the ratio of loss modulus to the storage modulus, are 
also strain, strain rate, input frequency, and temperature dependent. The golf ball loss 
factors, or damping level, is on the order of 10-100 times larger than the damping level 
of a metallic golf club striking plate. Thus, during impact most of the energy is lost as 
a result of the large deformations, typically 0.05 to 0.50 inches, and deformation rates 
of the golf ball as opposed to the small deformations of the metallic striking plate of the 
golf club head, typically 0.025 to 0,050 inches. 

By allowing the golf club head to flex and "cradle" the golf ball during impact, 
the contact region as well as contact time between the golf ball and the striking plate of 
the golf club head are increased, thus reducing the magnitude of the internal golf ball 
stresses as well as the rate of the stress build-up. This results in smaller golf ball 
deformations and lowers deformation rates, both of which produce much lower energy 
losses in the golf ball during impact. The static flexibility is inversely proportional to 
the striking plate stiffness, while the dynamic flexibility is inversely proportional to 
square of the striking plate bending natural frequency. In other words, a decrease in 
plate stiffiiess will cause the static flexibility to increase, while doubling the plate 
bending natural frequency will reduce dynamic flexibility to a level V4 of the original 
striking plate. Increasing the static or dynamic flexibility can be accomplished via 
several different configurations for the golf club head: altering geometry of the face 
section; altering attachment of the striking plate to the club-head body; reducing the 
thickness of the striking plate; or through the innovative use of new structural materials 
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having reduced material stiffness and/or increased material density. Material strength 
of the striking plate of the golf club head in conjunction with impact load from contact 
with the golf ball determines the minimum required thickness for the face section. The 
greater the available material strength, the thinner the striking plate can be, and thus 
5 greater the flexibility. So the material properties that control static and dynamic 

flexibility are decreased compression stiffness, increased density, and increased v 
strength. The present invention specifies which face materials and static/dynamic 
flexibilities provide improved energy conservation during impact of the golf club head 
and the golf ball. Materials used in the face section of the golf club head constitute an r 

1 0 additional important factor in determining performance characteristics of coefficient of 
restitution (COR), launch angle, spin rate and durability. 

One object of the present invention is to improve impact efficiency between a 
golf club head and the golf ball. 

Another object is to designate a range of material properties to increase the 

1 5 static flexibility, otherwise described as reduced bending stiffness, of the striking plate 
of the golf club head. Any number of materials having requisite limitations of stiflhess 
and strength can be utilized in the manufacture of the golf club of the present invention 
to produce a compliant, or softer flexing performance during impact with the golf ball. 



20 
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Brief Description of the Drawings 

Fig. 1 is a perspective view of a golf club head of an embodiment of the present 
invention. 

5 Fig. 2 is a front view of a golf club head showing a striking plate with a major 

cross-section dimensional width (W) and a minor cross-section dimensional height (H). 

Fig. 3a shows a striking plate having an elliptical shape with a major and a 
minor cross-section dimensions (W) and (H), respectively, of an embodiment of the 
present invention. 

1 0 Fig. 4 shows an elliptical plate with a pressure loading over a central circular 

region. 

Fig. 5a shows the face section of the club head, of an embodiment of the present 
invention, prior to impact with the golf ball. 

Fig. 5b shows deformation of the striking plate of the golf club head, of an 
1 5 embodiment of the present invention, during impact with the golf ball. 

Fig. 5c shows an elliptical striking plate having a simply-supported edge 
constraint prior to impact with the golf ball. 

Fig. 5d shows deformation of the elliptical striking plate of Fig. 5c during 
impact with the golf ball. 
20 Fig. 5e shows an elliptical striking plate having a fixed edge constraint prior to 

impact with a golf ball. 
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Fig. 5f shows the elliptical striking plate of Fig. 5e during impact with the golf 

ball. 

Fig. 6 is a plot of the normalized static and dynamic flexibility versus the face 
weight for a minimum weight design. 
5 Fig. 7 is a plot of the bending natural frequency versus the static flexibility for a 

minimum thickness design. 

Fig. 8 is a plot of the static flexibility versus striking plate thickness fox a large 
club head utilizing five different materials for the golf club striking plate. 

Fig. 9 is a plot of the natural frequency versus striking plate thickness for a large 
1 0 club head utilizing five different golf club striking plate materials. 

Best Mode(s) For Carrying Out The Invention 
As shown in Fig. 1 a wood-type golf club head 10 comprises a face section 12, a 
rear section 14, a top section 16, a bottom section 1 8, a toe section 20, a heel section 22 

1 5 and a hosel inlet 24 to accept a golf shaft (not shown). The golf club head 1 0 is a 
unitary structure which may be composed of two or more elements joined together to 
form the golf club head 10. The face section 12, also called a striking plate, is an 
impact surface for contacting a golf ball (not shown). Structural material for the golf 
club head 1 0 can be selected from metals and non-metals, with a face material 

20 exhibiting a maximum limit for face stiffness and natural frequency being a preferred 
embodiment. 
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The present invention is directed at a golf club head 10 having a striking plate 
12 that makes use of materials to increase striking plate flexibility so that during impact 
less energy is lost, thereby increasing the energy transfer to the golf ball. This 
increased energy transfer to the golf ball will result in greater impact efficiency. The 
striking plate 12 is generally composed of a single piece of metal or nonmetallic 
material and may have a plurality of score-lines 13 thereoa The striking plate 12 may 
be cast with a body 26, or it may be attached through bonding or welding to the body 
26. See Figures 1 and 2. 

For explanation purposes, the striking plate 12 is treated as an elliptical shaped 
cross section having a uniform thickness, denoted as "t" in Fig. 4, that is subjected to a 
distributed load over a small circular region at the center of the striking plate 12. See 
Figures 3 and 4. Those skilled in the pertinent art will recognize that striking plates 
having other shapes, nonuniform thickness distribution, and force locations are within 
the scope and spirit of the present invention. The overall cross-section width is given 
by (W=2a), the overall cross-section height (H=2b), and the striking plate aspect ratio is 
defined as (a = b/a). The impact load, resulting from impact of the golf ball with the 
golf club head 10, is treated as force of magnitude (F), acting with a pressure (q) over a 
circular region of radius (rj in the center of the elliptical plate so that 




o 



Like other striking plates of the prior art, the striking plate 12 of the present 
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invention is positioned between the top section 16 and bottom section 1 8. During 
impact with the golf ball, the striking plate 12 will deflect depending upon the 
connection to the top section 16 and the bottom section 18, see Figure 5a-f The two 
extreme limiting cases for all possible boundary attachment conditions are defined as 
5 "simply-supported" where the elliptical edge of the striking plate is constrained from 
translating but the edge is free to rotate, see Fig. 5c and 5d, and "fixed" or "clamped" 



The boundary attachment for the striking plate 12 to the body 26 of the club head 10 
will fall between the two limiting cases since the top section 1 6 and bottom section 1 8 
10 will provide some stiffening to the striking plate 12, but in general are very close to the 



where (F*) is the maximum load that includes the effects of design safety factors and 
15 the score-line 13 stress concentration factors, (t) is the plate thickness, (v) is the 
material Poisson ratio, and (R ) depends upon the plate geometry (a, b), load radius, 
material Poisson ratio, and edge support conditions. For golf club heads, the top 
section 1 6 and bottom section 18 provide some stiffening to the striking plate 12 edge, 
(R ) will fall between the simply-supported edge and the fixed support, but for this 
20 invention it is very close to the simply-support edge condition; 




simply supported condition. The calculated maximum stress in the striking plate as a 



result of the applied loading is 




en) 
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slmpfy—sup port 



= lnf — I + — — (6.57 - 2.57a) 



26 



(m.a,b) 



-.317a -.376. 



The minimum required thickness of the striking face based upon the applied loading is 
determined by setting the maximum stress to the allowable material yield stress 
and solving; 



, = ) 3(l + v)fiF* 



V ^ yield 

The minimum required striking plate thicknesses for two different materials (materials 
A and B) can be directly compared using Equation (TV), if one assumes that the impact 
forces, the plate geometry (W, H), and the edge boundary constraints are nearly the 
same. Writing the ratio of the minimum required thicknesses for two different 
10 materials is 



V 



' yield -B 
T yleld-A ) 



where and (f B ) are the minimum required thicknesses for plates composed of 
materials A and B, respectively, and {p^ K Vp) and (a yie[d „ Bt v B ) are the material 
properties of A and B, respectively. A weight ratio comparison of two minimum 
1 5 thickness striking plates is equal to 



W A = P A t A 7tab = p A 
W B p B t B mb p B 



a yield-B 



^ yield- A J 



(IV) 



(V) 



(VI) 
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where (pp) and (p^) are the densities of material A and B, respectively, and these plates 
have identical geometry (W, H), boundary constraints, and are designed to withstand 
the same load (F*). 
5 Static Flexibility 

The calculated striking plate static flexibility (S), which is the inverse of the plate 
stiffiiess, is defined as the calculated center displacement of the striking plate 12 
divided by the plate force (F*) and is equal to: 

10 where (b) is half the height of the striking plate 12, (E) is Young's modulus and (?) 
depends upon the geometry and the support conditions of the elliptical plate. For golf 
heads, (P) will fall between the simply-supported and fixed edge conditions, but for this 
invention it falls very close to the simply-supported edge condition; 

^(K- s »p P( ,«=(-76-.18a) (vm.aJ>) 

15 Thus, increased striking plate flexibility can be accomplished by increasing the striking 
plate height (b), decreasing the Young's modulus (E), also described as material 
stiffiiess, or by reducing the plate thickness (f). But the plate thickness can only be 
reduced to the minimum allowable thickness from Equation (IV). Substituting 
Equation (TV) into (VII), results in the static flexibility having a minimum allowable 

20 plate thickness; 
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s = 



E 



v 3/2 



u yield 
1 + 1/ 



Pb 



(Jt_f 



(IX) 



where the first bracketed term depends upon the striking plate material properties, the 
second bracketed term depends upon the face geometry (a, b, a), edge attachment 
constraints (P, R)> and impact load definition (F*). Assuming the plate geometry, edge 
attachment, and the impact load are the same for two different designs (second 
bracketed term of Equation IX), then to maximize the static flexibility, one needs to 
select a material having the largest ratio of: 

\3/2 



lfo>/A 
e{\ + v J 



The static flexibility of two materials (A) and (B) can be compared, for a given plate 
1 0 geometry, edge attachments, and applied load by writing Equation (IX) as a ratio 

3 3 



15 



where (SJ and (5^) are the static flexibilities of a plate having a minimum plate 
thickness for materials A and B, respectively and (Ej) and (E^ are the material 
stiffnesses for materials A and B, respectively. 

Bending Natural Frequency 
The calculated bending natural frequency (©), or referred to simply as natural 
frequency, having units of cycles/second (Hz), for the elliptical striking plate is given 
by; 



(X) 



(XI) 
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^(Hz) = - — ij- (XII) 



where (v) is the material Poisson ratio, (b) is half the height of the striking plate 12, (p) 
is the material weight density, (g) is the gravitational constant (32,2 ft/sec 2 ), and (A) 
depends upon the geometry and the support conditions of the elliptical plate, as well as 
5 the desired vibration mode. For golf club heads, (A) will fall between the two limiting 
edge support values, simp!y=suppcrt and fixed, but for this invention it is very close tc 
. the simply-support condition; 



Wsup/- = .12Wl+.21a + 2.37a 2 -3.03a 3 + 2.7a 4 

r— — (XHLa,b) 

The bending natural frequency can be minimized by increasing the striking plate 12 
1 0 height (2b) or aspect ratio (a), increasing the material density (/?), decreasing the 

material stiffness (E), or decreasing the plate thickness (t). But the plate thickness can 
only be reduced to the minimum allowable thickness from Equation (TV), Substituting 
Equation (TV) into (XII), results in the natural frequency having a minimum allowable 
plate thickness; 



15 Q) = 



' X_ \ 3gRF* 
b 2 i 2x 



\<T yield PQ-V) 

where the first bracketed term depends upon the striking plate material properties, the 
second bracketed term depends upon the face geometry (a t b 9 a), edge attachment 
constraints (if), and impact load definition (F*). Assuming the plate geometry, edge 



(XIV) 
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attachment, and the impact load are the fixed (second bracketed term of Equation XIV), 
then to minimize the natural frequency, one needs to select a material having the 
smallest of: 



The natural frequency of two materials (A) and (B) can be compared, for a given plate 
geometry, edge attachments, and applied load by writing Equation (XIV) as a ratio 



(XV) 



5± = \[E± 



V~ V 



\ a yhld-A J 



- where (taj and (<*%) are the natural frequencies of a striking plate having a minimum 
plate thickness for materials A and B. 

10 A golf club head has a large number of natural frequencies, where some involve 

the vibratory motion that characterize the striking plate, others involve motion that 
characterize the top plate or bottom plate, and still others involve the combined motion 
of the striking plate and other parts of the club head. The natural frequencies that are of 
concern in the present invention involve the full or partial vibratory motion of the 

15 striking plate* Thus, to experimentally measure these frequencies, one needs to excite 
the striking plate as well as record its response. A noncontacting excitation and 
response system is preferred to insure that added mass or stiffness effects do not 
artificially alter the results. In our experimental studies, the striking plate was excited 
using either an impact hammer (PCB Inc. of Buffalo, NY, model 068, series 291; or 

20 Kistler Instrument Corp. of Amherst, NY, model 9722A500) or an acoustical funnel- 
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cone speaker, where the speaker is driven with broad-band "white" random noise 
between 1000-10,000 Hz. The velocity time history (response) is measured using a 
laser velocimeter (Polytec PI GmbH of Waldbronn, Germany, model OFV-303 or PSV- 
300; or Ometron Inc. of London, England, model VPI-4000). The recorded excitation 
5 and response time histories are processed using a two-channel spectrum analyzer 
(Hewlett Packard of Palo Alto, California) to determine the frequency content of the 
response signal divided by the excitation signal. The spectrum analyzer has 
input/output windowing features and anti-aliasing filters to eliminate processing errors. 
The test is repeated a minimum of 10 times and the data is averaged to minimize the 

10 effects of uncorrelated noise. Thus the coherence was found to be greater than 0.98 at 
all measured natural frequencies. The tests are repeated using numerous excitation and 
response locations on the striking plate to insure that the lowest striking plate 
dominated natural frequencies are recorded. 

Dynamic Flexibility 

1 5 The dynamic flexibility (D) for the striking plate is given by 

d= * v , (xvn) 

where, (a>) is the striking plate natural frequency, and (twJ is the effective face mass 
that contributes to the dynamic response during impact: 

m e = p£-ntab = ft^-nt—. (XVIII) 
g g a 

20 Here (J3) is defined between (0) and (1), where (0) is associated with no face mass 
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contributing to the dynamic response and (1) having all of the face mass contributing to 
the response. For golf clubs, (0.15</?<0.35). Writing the dynamic flexibility by 
substituting Equations (XIV) and (XVIII) into (XVII): 



(XIX) 



5 The striking plate dynamic flexibility can be increased by enlarging the plate depth (b) 
or aspect ratio (a), decreasing the material stiffness (E), or decreasing the plate 
thickness (t). Clearly the greatest increase in (D) can be found by changing the 
thickness (t), followed by changing the face height (2b). But, the plate thickness can 
only be reduced up to the allowable value of Equation (TV). Thus, the mavirrmm 

10 dynamic flexibility (D) for a given plate geometry and applied load is calculated by 
substituting the minimum allowable thickness Equation (TV) into (XIX); 

N3/2- 



(1-v 2 ) 



E 



J yield 

l(l + v)j 



(XX) 



where the first bracketed term depends upon the striking plate material properties, the 
second bracketed term depends upon the face geometry (a, b, a), edge attachment 
15 constraints (X, R), and impact load definition (F*). Assuming the plate geometry, edge 
attachment, and the impact load are constant (second bracketed term of Equation XX), 
then to maximize the dynamic flexibility (D), one needs to select a material having the 
largest ratio of: 

v 3/2 



(l-v 2 ) f 

E {(l+v)) 



(XXI) 
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The dynamic flexibility of two materials (A) and (B) can be compared, for a given plate 
geometry, edge attachments, and applied load by writing Equation (XX) as a ratio 




(XXH) 



where (DJ and (D B ) are the maximum dynamic flexibilities of a plate having a 

5 minimum plate thickness for materials A and B, respectively. 

For wood-type golf clubs the following geometry and force properties are 
typical (a = 1 .4-1 .65 inch, b - 0.7-1 .0 inch , t - 0. 14-0.25 inch, F* = 2000 - 1 5,000 lbs). 
In Table 1, current metal golf club head material properties are given along with five 
different golf club head property ratios. These five different ratios include: minimum 

1 0 required striking plate thickness (Eq. V), resulting striking plate weight (Eq. VI), static 
flexibility (Eq. XI), bending natural frequency (Eq. XVI), and dynamic flexibility (Eq. 
XXII), where the baseline (B) material is taken as (17-4) Stainless Steel. These ratios 
provide a comparison of striking plates that have identical elliptical geometry, edge 
attachment, and load capacity, but are composed of different materials and thus will 

1 5 have different minimum striking plate thicknesses. A normalized comparison of the 
static flexibility and dynamic flexibility to face weight is presented in Figure 6, where 
all results are normalized to an equivalent (17-4) Stainless Steel striking plate. In Fig. 
6. it is clear that the amorphous alloy striking plate and maraging striking plate offer 
(4.8) and (2.5) times more flexibility and lower face weight than stainless steel as a 

20 result of their high strength, while the titanium alloy striking plate offers 50% more 
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flexibility and lower face weight as a result of significantly lower modulus, but that the 
aluminum alloy striking plate results in lower flexibility as a result of its lower strength. 
These increases in flexibility lead to reduced impact energy losses, which in turn lead 
to greater golf ball flight velocities. In Figure 7, a comparison of normalized face 
5 natural frequency versus static flexibility is presented, where a correlation exists 
between measured natural frequency and static flexibility, and thus natural frequency 
■ can be used as a simple nondestructive measurement technique for assessing the 
magnitude of the static and dynamic flexibility. It is observed that the amorphous alloy 
and maraging steel striking plates have a lower natural frequency and greater flexibility 

10 than other materials in Fig. 7 because of their high strength and density. The titanium 
alloy striking plate and aluminum alloy striking plate have natural frequencies higher 
than all the other materials in Fig. 7 because of their low density. 

A detailed inspection of Table 1 reveals that striking plates composed of 
Maraging 280 steel or the amorphous alloy are 23% thinner than the 17-4 Stainless 

1 5 Steel striking plate, which is a direct result of higher strength of these materials. In a 
preferred embodiment the striking plate of stainless steel has a maximum thickness of 
less than 0.130 inches, and more preferably between 0.130 and 0.070 inches, while both 
the maraging steel and amorphous alloy have a striking plate thickness of less than 
0.100 inches, and more preferably between 0.100 and 0.070 inches. The Aluminum 

20 7075-T6 striking plate is thickest because of its low strength, but it is the lightest as a 
result of its low density. In a preferred embodiment the striking plate of aluminum 
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alloy has a maximum thickness of less than 0.200 inches, and more preferably between 
0.200 and 0.070 inches. The striking plates composed of an amorphous alloy, 
Maraging 280 steel, and the 6-4 Titanium all have static and dynamic flexibilities much 
greater than the 17-4 Stainless Steel striking plate (480%, 240% andl50%), while the 
5 aluminum alloy striking plate has a 12% lower flexibility as a result of its large 

thickness. Finally, the striking plates composed of amorphous alloy and maraging steel 
have bending natural, frequencies which are 41% and 27% lower, respectively, than the 
17-4 Stainless Steel striking plate, whereas the titanium alloy striking plate is nearly the 
same as the stainless steel, while the aluminum alloy striking plate is 50% greater as a 
10 result of an increased thickness and low density. 

It should be further pointed out, that most golf club designers use the striking 
plate weight savings to further increase the size of the striking plate (i.e. oversize 
titanium drivers) and thus further increase its static and dynamic flexibility. 



1 5 Table 1 : Typical Material Properties used in Golf Club Faces and Comparison Ratios 



Material 

0) 


E 
10 s 
lb/in 1 


V 


lO'lb/in 2 


P 
lb/in s 


tA.ee. 


w/w, eel 








Stainless 
Steel(17-4) 


29.0 


.27 


150 


.276 


1.00 


1.00 


1.00 


1.00 


1.00 


Aluminum 
(7075-T6) 


10.4 


.33 


73 


.101 


1.47 




0.88 


1.48 


0.85 


Titanium 
(Ti6-4) 


16.0 


.31 


138 


.160 


1.06 


0.61 


1.53 


1.05 


1.49 


Maraging 
280 Steel 


26.5 


.31 


262 


.285 


0.77 


0.79 


2.41 


0.73 


2.35 


Amorphous 
Alloy 


13.3 


.30 


260 


.220 


•,0.77 


0.61 


4.80 


0.59 


4.72 
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As a second example, consider a very large oversized driver head similar to a 
CALLAWAY GOLF® BIGGEST BIG BERTHA® driver that is fabricated with 
different material striking plates. The geometry values are defined as (a = 1.65 inch, b 
= 0.875 inch, a = 0.530). In order to produce striking plate flexibility levels greater 
5 than found in any current club-head: (1) the striking plate has no scorelines, thus (F* = 
2500 lbs) with a radius (r 0 = 0.50 inch), and (2) the edge attachment condition is nearly 
simply-supported so that (P = 0.664, X = 0.1538). Constructing the striking plate out of 
Titanium (Ti 6-4), leads to (R= 1 .792) and a minimum required face thickness of (t = 
0. 143 inch). Including score-line stress concentration factors will simply increase (F*), 

10 thus increasing the required face thickness (f) and bending natural frequency, and 

decreasing the flexibility. The calculated weight is (W= 0.103 lb), the static flexibility 
is (S = 1.10 x 10* 5 in/lb), the natural frequency (a> = 5920 Hz), and the dynamic 
flexibility (D = 1 .08 x 10" 5 in/lb), where it was assumed (/?= 0.25). The calculated head 
natural frequency of 5920 Hz is within 2% of the experimentally measured value of 

15 6040 Hz on an actual experimental hybrid golf club head. The maximum displacement 
of the striking plate is found by multiplying the static flexibility and the effective force 
(F*), thus (A = 0.0275 inch). Hybrid golf club heads having different material striking 
face plates are presented in Table 2, where the striking plates have minimum allowable 
face thicknesses. In Figures 8 and 9, the variation of the static flexibility and natural 

20 frequency with striking plate thickness is presented for the five different metals, where 
the symbol (o) is used to represent the minimum allowable thickness for a assumed 
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applied load (F* = 2500 lbs). Clearly, if the applied load were increased then the 
minimum allowable thicknesses would increase, where the symbols would just move to 
the right along the appropriate curve. Thus lowering the flexibility and increasing the 
natural frequency. Moreover, if a higher strength version of an alloy were used, then 
5 the symbol would follow the curve to the left and thus increase the flexibility and lower 
natural frequency. It is observed that the greatest flexibility occurs for maraging steel 
and the amorphous alloy, which has the thinnest striking plates and lowest natural 
frequencies. 

It is known through experimental testing, that currently available driver golf 
10 club heads have striking-face natural frequencies greater than 4500 Hz. Moreover, the 
only commercially available golf club head with an amorphous alloy striking plate 
(commercial name: LIQUID METAL™) has a fundamental striking plate natural 
frequency of 5850 Hz. Thus, the striking plates on these club heads are not optimized 
for maximum flexibility. They do not have a minimum thickness striking plate, a large 
1 5 aspect ratio, or an edge support that simulates the simply supported constraint. From 
Equation XVII, the dynamic flexibility is inversely proportional to the square of the 
natural frequency, thus these heads have a flexibility that is much lower and a face 
thickness that is much greater than the optimized minimum values presented in the 
previous example (i.e. their values on Figures 8 and 9 would be to the far right of the 
20 minimum allowable thickness). In a preferred embodiment of the present invention, the 
material of striking plate 12 has a natural frequency of less than 4500 Hz, in a more 
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preferred embodiment the striking plate 12 natural frequency is between 4500 Hz and 
2800 Hz. For the aluminum alloy striking plate 12, the natural frequency is below 8500 
Hz, and in a more preferred embodiment the natural frequency is between 8500 Hz and 
2800 Hz. For the titanium alloy striking plate 12, the natural frequency is below 5900 
5 Hz, and in a more preferred embodiment the natural frequency is between 5900 Hz and 
2800 Hz. For the stainless steel striking plate 12, the natural frequency is below 5400 
Hz, and in a more preferred embodiment the natural frequency is between 5400 Hz and 
2800 Hz. For the maraging steel striking plate 12, the natural frequency is below 6000 
Hz, and in a more preferred embodiment the natural frequency is between 6000 Hz and 
10 2800 Hz. For the amorphous alloy striking plate 12, the natural frequency is below 
5500 Hz, and in a more preferred embodiment the natural frequency is between 5500 
Hz and 2800 Hz. 
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Table 2: Calculated Striking Plate Properties for a Hybrid Oversized Driver Golf Club 
Head without scorelines (a = 1.65", b = .875", a= .530, = 2500 lb, r 0 = 0.5", P - 



0.664, >l=.154, p=0.25). 



iVialcrial 

(i) 


10 6 lb/in* 


V 


°yield 

10 3 lb/in* 


P 
lb/in 1 




T 

Inch 


w 
lb 


O 

o 

10"* 
in/lb 


A 
L\ 

inch 


UJ 

(Hz) 


n 
io- 5 

in/lb 


Stainless 
Steel(17-4) 


29.0 


.27 


150 


.276 


1.67 


.130 


.162 


.803 


.020 


5458 


.809 


Aluminum 


10.4 


.33 


73 


.101 


1.85 


.200 


.092 


.605 


.015 


8520 


.586 


. (ii 6-4)' , , 


16.0 


V31 


; .138 ; 

'.ir?; r . ■ ,i • * 


d60 


1.79. 


-: .142. 

!r- • 


• .103 ■ 


1.10 " 


: m 


/3920-' 


;;i.08 


Maraging 
280 Steel 


26.5 


.31 


262 


.285 


1.79 


.103 


.134 


1.74 


.043 


4143 


1.71 


Amorphou 

3 

Alloy 


13.3 


.30 


260 


.220 


1.76 


: ,102 


.102 


. 3.55 • 

.. ••: -.'-It-.- 


.089 




3.51 



5 Although the above description is for wood-type golf club heads having an 

elliptical face section, the present invention is not limited to such an embodiment. Also 
included within the bounds of the present invention are iron type golf club heads and 
golf club heads with a values approaching 1.0. 
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Claims 

1 . A golf club head (10) comprising: 

a body (26); and 

a striking plate (12) connected to the body (26), the striking plate (12) 
5 composed of a first material and having a natural frequency of less than 

4500Hz. 

2. The golf club head (10) according to claim 1 wherein the natural frequency of 
the striking plate (12) is less than 4500 Hz and greater than 2800 Hz. 

3. The golf club head (10) according to claim 2 wherein the natural frequency of 
10 the striking plate (12) is less than 4000 Hz and greater than 2800 Hz. 

4. The golf club head (10) according to claim 1 wherein the natural frequency of 
the striking plate (12) is less than 3300 Hz and greater than 2800 Hz. 

5. The golf club head (1 0) of claim 1 wherein the first material of the striking plate 
(12) is a stainless steel, a maraging steel, an amorphous alloy, a titanium alloy or an 

15 aluminum alloy. 
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6. A golf club head (1 0) comprising: 

a body (26) composed of a first material, the body (26) having a top 
region (16), a bottom region (18), a rear region (14) and an open front; and 
5 a striking plate (12) composed of a second material and having a natural 

frequency less than 8500 Hz and greater than 2800 Hz, and the striking plate (12) 
disposed in the open front of the body (26), 

7. The golf club head (10) according to claim 6 wherein the second material is 
aluminum alloy. 

10 8. The golf club head (10) according to claim 7 wherein the striking plate (12) has 
a maximum thickness of less than 0.200 inch. 

9. The golf club head (10) according to claim 8 wherein the maximum thickness of 
the striking "plate (12) is less than 0.200 inch and greater than 0.070 inch. 

10. The golf club head (10) according to claim 6 wherein the second material is 

1 5 titanium alloy and the striking plate (12) has a natural frequency less than 5900 Hz and 
greater than 2800 Hz. 

1 1 . The golf club head (10) of claim 6 wherein the second material is stainless steel 
and the striking plate (12) has a natural frequency less than 5400 Hz and greater than 
2800 Hz. 

20 12. The golf club head (12) according to claim 1 1 wherein the striking plate (12) 
has a maximum thickness of less than 0.130 inch. 
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13. The golf club head (12) according to claim 6 wherein the second material is 
maraging steel and the striking plate (12) has a natural frequency less than 6000 Hz and 
greater than 2800 Hz. 

1 4. The golf club head (10) according to claim 1 3 wherein the maximum thickness 
5 of the striking plate (12) is less than 0.100 inch and greater than 0.070 inch. 

15. The golf club head (10) according to claim 6 wherein the second material is 
amorphous alloy and the striking plate (12) has a natural frequency less than 5500 Hz 
and greater than 2800 Hz. 

16. A golf club head (10) comprising: 

10 a body (26) composed of a first material, the body (26) having a top 

region (16), a bottom region (18), a rear region (14) and an open front; 

a striking plate (12) composed of a metal material and having a natural 
frequency less than 4500 Hz and greater than 2800 Hz, a maximum thickness of the 
striking plate (12) is less than 0.100 inch and greater than 0.070 inch, and the striking 

1 5 plate (12) disposed in the open front of the body (26), wherein the metal material of the 
striking plate (12) is an aluminum alloy, a titanium alloy, a stainless steel, a maraging 
steel or an amorphous alloy. 
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